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(54) Projection type liquid crystal display apparatus 

(57) A projection type liquid crystal display appara- 
tus includes at least three transmission type liquid crys- 
tal display panels and a four-division dichroic prism. The 
three liquid crystal display panels are driven by image 
signals of three primary colors respectively and the 
three liquid crystal display panels are illuminated by 
three primary color lights respectively so as to obtain 
transmission image lights having three channels whose 
luminances are modulated. The dichroic prism is used 
so as to synthesize the transmission image lights and 
the synthesized image light is projected via a projecting 
lens. One channel of the transmission image lights 



FIG. 



passes 



risr 



channels are reflected by the dichroic prism, so that the 
transmission image lights are synthesized, and a polar- 
ization axis of the transmission image light of one chan- 
nel passing through the dichroic prism is set to a first 
axis, the polarization axes of the transmission image 
lights of the other two channels reflected by the dichroic 
prism are set to a second axis, and the first and second 
polarization axes are made perpendicular to each other 
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Description 

The present invention relates to a projection type 
liquid crystal display apparatus which uses three trans- 
mission type liquid crystal display panels as, tor exann- 
pie, a light valve. 

Heretofore, for example, such a projection type liq- 
uid crystal display apparatus has been proposed that 
three transmission type liquid crystal display panels are 
used as the light valve, they are illuminated by three pri- 
mary color illuminating lights and transnnission light im- 
ages of three channels whose luminance are modulated 
by a liquid crystal display panel are re-combined by us- 
ing a four-division dichroic prism so as to be projected 
by a projecting lens. 

In the accompany drawings, FIG, 1 shows an ex- 
ample of such an optical system. Referring to FIG. 1, a 
red modulating transmission type liquid crystal display 
pane! 51 R, a blue modulating liquid crystal display panel 
51 B and a green modulating liquid crystal display panel 
51 G are disposed. Image signals of three primary 
colors^ that is, a red (R), a blue (B) and a green (G) are 
supplied to the liquid crystal display panels 51 R to 51 G, 
respectively.^ 

Furthermore, polarizing plates 52R, 52B, 52G, each 
having a vertical polarization axis, are located at the out- 
going sides ot the liquid crystal display panels 51 R to 
51 G so that each outgoing light may be a vertical polar- 
ized light. The reason why the outgoing light from each 
liquid crystal display panel is a vertical axis is that since 
the polarization axis of a light beam comprising the ver- 
tical axis enables to make a shielding character of the 
dichroic prism better 

For example, after the luminance of a red illuminat- 
ing light 53R is modulated by the red modulating liquid 
crystal display panel 51 R, a vertical polarized red out- 
going light alone which passes through the polarizing 
plate 52R is incident on a four-division dichroic prism 54 
comprising bonded glass blocks 54a, 54b, 54c and 54d. 
A red band alone of the incident light is selectively re- 
flected by red light reflecting surfaces 55a, 55b formed 
on the glass blocks 54a, 54b, and then projected by a 
projecting lens 56. 

Furthermore, afterthe luminance of a blue illuminat- 
ing light 53B is modulated by the blue modulating liquid 
crystal display panel 518, a vertical polarized blue out- 
going light alone which passes through the polarizing 
plate 52B is incident on the above four-division dichroic 
prism 54. A blue band alone of the incident light is se- 
lectively reflected by blue light reflecting surfaces 55c, 
55d formed on the glass blocks 54c, 54d,and hence pro- 
jected by the projecting lens 56. 

Furthermore, afterthe luminance of a green illumi- 
nating light 53G is modulated by the green modulating 
liquid crystal display panel 51 G, a vertical polarized 
green outgoing light alone which passes through the po- 
larizing plate 52G is incident on the tour-division dichroic 
prism 54. The incident light passes through the above 



red light reflecting surfaces 55a, 55b, whereby a long 
wave length component thereof is attenuated. The inci- 
dent light passes through the blue light reflecting sur- 
faces 55c, 55d, whereby a short wave length component 

5 thereof is attenuated. As a result, the green band alone 
is selectively penetrated. 

Thus, red, blue and green transmission image lights 
are composed to one another, and then the composed 
light is projected and displayed by the projecting lens 

70 56. The reason that the shielding characteristic of the 
reflecting surface of the dichroic prism 54 is constructed 
to have the green band as a transmission channel is that 
a whole transmittance of the dichroic prism can be in- 
creased- An arrangement of the channel wilt be de- 

fS scribed below in the specification. 

By the way, according to the projection type liquid 
crystal display apparatus shown in FIG. 1 , the transmis- 
sion characteristic of a blue light passing through the 
red light reflecting surfaces 55a, 55b of the dichroic 

20 prism 54 is shown by, for example, a curved line 61 in 
FIG. 2. Furthermore, the transmission characteristic of 
a red light passing through the blue light reflecting sur- 
faces 55c, 55d is shown by a curved line 62 in FIG. 2. 
When the green illuminating light having the band 

25 shown by a curved line 63 in FIG. 2 is incident on the 
dichroic prism 54, as shown in a hatched portion 64 in 
FIG. 2, among the long wave length components of the 
green illuminating light 63, some light components are 
reflected by the red light reflecting surfaces 55a, 55b 

30 having the transmission characteristic shown by the 
curved line 61. 

The reflected lights become a leaked light from a 
green channel to a blue channel, and the leaked light 
illuminates a transistor element formed at the outgoing 

35 side of the blue modulating liquid crystal display pane! 
51 B. Thus, a current leakage of the transistor or the like 
occurs, whereby a deterioration of an image quality such 
as a contrast or the like is caused. 

Similarly, as shown by a hatched portion 65 in FIG, 

40 2, among the short wave length components of the 
green illuminating light 63, the leaked light component 
reflected by the blue light reflecting surfaces 55c, 55d 
having the transmission characteristic shown by the 
curved line 62 illuminates the transistor at the outgoing 

45 side of the red modulating liquid crystal display panel 
51 R- Accordingly, the deterioration of the image quality 
such as the contrast or the like is caused. 

On one hand, in order that the leaked light compo- 
nent at the long and short wave length sides of the green 

so illuminating light may not illuminate the outgoing side of 
the blue and red modulating liquid crystal display pan- 
els, the following systems are proposed. That is, as 
shown in FIG. 3, a blue transmission filter 57B is dis- 
posed at the back of the polarizing plate 52B at the out- 

55 going side of the blue modulating liquid crystal display 
panel 51 8, or a red transmission filter 57R is disposed 
at the back of the polarizing plate 52R at the outgoing 
side of the red modulating liquid crystal display panel 
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51 R. However, in any system, since the light transmit- 
tance' is reduced, an amount of prb7ected^irght Is re-" 
duced. 

Furthermore, in order that the leaked light compo- 
nent of the green illuminating light may not illuminate the 
outgoing side of the liquid crystal display panels for two 
other channels, the band of the green illuminating light 
is considerably reduced so that the leaked light compo- 
nent may not be generated. However, since the amount 
of green component light is reduced, the amount of pro- 
jected light is reduced- 

Furthermore, according to the above apparatus, the 
red light reflecting surfaces 55a, 55b are formed on dif- 
ferent glass blocks 54a. 54b. and also the blue light re- 
flecting surfaces 55c, 55d are formed on different glass 
blocks 54c, 54d. Accordingly, due to the difference be- 
tween the characteristics of the reflecting surfaces, a tint 
of the green transmission light at the right side of a pro- 
jecting screen is different from that at the left side, re- 
sulting in the deterioration of the image quality such as 
a color uniformity or the like. 

In view of such aspect, it is an object of the present 
invention to solve the problem that in the above appa- 
ratus the leaked light component at the k>ng wave length 
side of the green illuminating light illuminates the outgo- 
ing side of the blue modulating liquid crystal display pan- 
el and the leaked light component at the short wave 
length side of the green illuminating light illuminates the 
outgoing side of the red modulating liquid crystal display 
panel, whereby the current leakage of the transistor el- 
ement formed at the outgoing sides of the liquid crystal 
display panels or the like is generated, resulting in the 
deterioration of the image quality such as the contrast 
or the like. 

• To this end. according to the present invention, a 
polarization axis at the outgoing side of a liquid crystal 
panel for one transmission channe! and polarization six- 
es at the outgoing sides of the liquid crystal panels for 
other two reflected channels are made perpendicular to 
each other, whereby rt is possible to prevent the leaked 
light from the transmission channel from illuminating the 
liquid crystal panels for the other two reflected channels. 

Furlhermore, a transmission band of the transmis- 
sion channel can be extended thereby, so that the 
amount of projected light can be increased. Moreover, 
the amount of projected light of the transmission chan- 
nel is increased, whereby the characteristic difference 
of respective reflecting surfaces of a dichroic prism can 
be apparently reduced, so that the image quality such 
as the color uniformity or the like can be improved. 

The invention will be further described by way of ex- 
ample with reference to the accompanying drawings, in 
which:- 

FIG. 1 is a structural diagram showing an optical 
system of a projection type liquid crystal display ap- 
paratus; 

FIG. 2 is a diagram showing a reflecting film char- 
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acteristic and a leaked light component of the pro- 
jection type liquid crystal display apparatus sh^Wn" 
in FIG. 1; 

FIG. 3 is a structural diagram showing a measure- 
ment for shielding a leaked light component: 
FIG. 4 is a structural diagram of an embodiment of 
a projection type liquid crystal display apparatus to 
which the present invention is applied; 
FIGS. 5A to 5D are diagrams used to explain an 
operation thereof; 

FIGS. 6A to 6C are diagrams used for explaining 
other example; and 

FIG. 7 is a structural diagram for explaining another 
example. 



According to a projection type liquid crystal display 
apparatus of the present invention, a dichroic prism 
transmits one channel of a transmission image light, and 
the other two channels are reflected by the dichroic 

20 prism, so that the transmission image lights are synthe- 
sized or composed- A polarization axis of the one chan- 
nel of the transmission image tight passing through the 
dichroic prism is set to a first axis, and the polarization 
axes of the other two channels of the transmission im- 

25 age lights reflected by the dichroic prism are set to a 
second axis. The first and second axes are constructed 
so as to be perpendicular to each other. 

Hereinafter, the present invention will be described 
with reference to the accompanying drawings. FIG. 4 is 

30 a structural diagram showing an example of an optical 
system of the projection type liquid crystal display ap- 
paratus which the present invention is applied to. 

Referring to FIG. 4. a light from a light source 1 is 
- split by a blue transmission dichroic mirror 2 into a blue 

35 -iituminating light 11B anda remaining primary color illu- 
minating light 11X. The blue illuminating light 11B is re- 
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a blue modulating liquid crystal display panel 4B. A 
transmission characteristic of the blue transmission di- 

40 chroic mirror 2 is shown by a curved line 21 in FIG. 5A- 
On one hand, the remaining primary color illuminat- 
ing light 11X is reflected by a green reflection dichroic 
mirror 5, and it is split into a green illuminating light 11G 
and a remaining red illuminating light 11 R. The green 

45 illuminating light 1 1 G is incident on a green modulating 
liquid crystal display panel 4G. Furthermore, the red il- 
luminating light 11R is reflected by total reflection mir- 
rors 6, 7, and it is incident on a red modulating liquid 
crystal display panel 4R. The transmission characteris- 

50 tic of the green reflection dichroic mirror 5 is shown by 
a curved line 22 in FIG. 5A. 

Furthermore, the blue modulating liquid crystal dis- 
play panel 48, the red modulating liquid crystal display 
panel 4R and polarizing plates 88, 8R each having a 

55 vertical polarization axis and located at outgoing sides 
thereof are constructed in such a manner that the polar- 
ization axes of the outgoing lights thereof become ver- 
tical. Accordingly, the outgoing lights becomes a blue 
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and a red transmission image light each having a verti- 
cal polarization axis, respectively. In bands of the out- 
going lights from the liquid crystal display panels 4B and 
4R, a blue light has a component shown by a curved 
line 23 in FIG. 5B and a red light has a component shown 
by a curved line 24 in FIG. 5B in accordance with the 
characteristic of the dichroic mirrors 2 and 5 (the curved 
21 and 22 in FIG. 5A). 

On one hand, the green modulating liquid crystal 
display panel 4G and a polarizing plate 8G located at its 
outgoing side and having a horizontal polarization axis 
are constructed in such a manner that the polarization 
axis of the outgoing light becomes horizontal. Accord- 
ingly, the outgoing light therefrom becomes a green 
transmission image light whose polarization axis is hor- 
izontal and green. In the band of the outgoing light from 
the liquid crystal display panel 4G, a green light has a 
component shown by a curved line 25 in FIG. 58 in ac- 
cordance with the characteristic of the dichroic mirrors 
2 and 5 (the curved line 21, 22 in FIG. 5A). 

That is, in the above projection liquid crystal display 
apparatus, the first polarization axis at the outgoing light 
side of the liquid crystal display panel for one transmis- 
sion channel comprises a horizontal axis. The second 
polarization axes at the outgoing light sides of the liquid 
crystal display panels for two reflected channels com- 
prise a vertical axis. The first and second polarizing axes 
are constructed so as to be perpendicular to each other 

Furthermore, the outgoing polarized lights from the 
three liquid crystal display panels 48, 4R, 4G are inci- 
dent on, for example, a four-division dichroic prism 9. 
An outgoing red image light from the red modulating liq- 
uid crystal display panel 4R is reflected by red reflecting 
films 9a, 9b of the dichroic prism 9, and it is incident on 
a projecting lens 10, and then projected thereby. 

Furthermore, an outgoing blue image light from the 
blue modulating Itqutd crystal display panel 43 is retiect- 
ed by blue reflecting films 9c, 9d of the dichroic prism 9, 
and it is incident on a projecting lens 10, and then pro- 
jected thereby. Furthermore, an outgoing green image 
light from the green modulating liquid crystal display 
panel 4G passes through the red reflecting films 9a, 9b 
and the blue reflecting films 9c, 9d of the dichroic prism 
9, and it is incident on the projecting tens 10, and then 
it is projected thereby. 

In this case, a reflection characteristic of the blue 
reflecting films 9c, 9d relative to a vertical polarized fight 
is shown by a curved line 26 in FIG. 5C. A reflection 
characteristic of the red reflecting films 9a, 9b relative 
to the vertical polarized light is shown by a curved line 
27 in FIG. SC. The curved lines are combined to each 
other, so that a transmission characteristic of the trans- 
mission channel relative to the vertical polarized light is 
obtained and it is shown by a curved line 28 in FIG. 5C. 
In this case, the transmission characteristic relative to a 
horizontal polarized light is shown by a curved line (bro- 
ken line) 29 in FIG. 5C in accordance with a difference 
in a shielding characteristic of the dichroic prism 9. 



Referring to FIGS. 58 and 5C, the curved lines 23 
and 26 are combined to each other, so that the compo- 
nent of the finally projected blue image light is shown by 
a curved line 31 in FIG. 5D. The curved lines 24 and 27 
5 are combined to each other, so that the component of 
the red image light is shown by a curved line 32 in the 
same figure. 

On one hand, the curved lines 25 and 29 are com- 
bined to each other, so that the component of the hori- 

10 zontal polarized green image light is obtained. In this 
case, since the green image light is not shielded by the 
dichroic prism 9, after all, the component of the green 
image light is shown by a curved line 33 in FIG. 50. That 
is, in this case, the green image light is not shielded (re- 

75 fleeted) by the dichroic prism 9, a remaining light due to 
the shield (reflection) is not leakedtothe other twochan- 
nels. 

Furthermore, even if a slight leaked light is gener- 
j ated, since the component of the leaked light is the out- 

20 going light from the green modulating liquid crystal dis- 
play panel 4G, the light has a horizontal polarization ax- 
is. Accordingly, the horizontal polarization axis is per- 
pendicular to the vertical axes of the polarizing plates 
BR, SB at the outgoing sides of the red and blue crystal 

25 display panels 4R, 4B. Therefore, since the leaked light 
is absorbed in the polarizing plates BR, SB. it does not 
reach a transistor at the outgoing side of the liquid crys- 
tal display panels 4R, 48. 

Accordingly, since the apparatus is so constructed 

30 that the polarization axis at the outgoing side of the liquid 
crystal display panel for the one transmission channel 
and the polarization axes at the outgoing sides of the 
liquid crystal display panels for the other two reflected 
channels are perpendicular to each other, it is possible 

35 to prevent the leaked light from the transmission chan- 
nel from illuminating the liquid crystal display panels for 
the other two rsnected channels. 

That is, in the apparatus, the transmission charac- 
teristic of the one transmission channel for the dichroic 

40 prism has a very wide band. Since the band component 
of the green illuminating light is not shielded by the trans- 
mission characteristic of the dichroic prism, less light is 
leaked to the liquid crystal display panels for the other 
two reflected channels. 

Furthermore, when the slightly remaining leaked 
light arrives at the outgoing sides of the liquid crystal 
display panels for the two reflected channels, the polar- 
ization axis of the leaked light is perpendicular to the 
polarization axes of the polarizing plates located at the 

50 outgoing sides of the liquid crystal display panels for the 
two reflected channels. Accordingly, the leaked light is 
absorbed in the polarizing plates at the outgoing sides, 
and it does not reach the transistors at the back of the 
polarizing plates. 

55 Accordingly, in the apparatus, the leaked light from 

the transmission channel does not illuminate the outgo- 
ing sides of the liquid crystal display panels for the other 
two reflected channels. Thus, it is possible to solve such 
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a conventional problem that a transistor element formed 
at the outgoing sides of the liquid crystal display panefs' 
is illuminated by the leaked light whereby a current leak- 
age or the like occurs with the result that a factor of de- 
grading the image such as a contrast or the like occurs. 5 

Furthermore, according to the above-described ap- 
paratus, for example, if the outgoing light from the green 
modulating liquid crystal display panel 4G comprises the 
vertical polarization axis, the above-mentioned curved 
lines 25 and 28 are combined to each other so that the to 
component of the green image light is shown by a 
curved line 34 in FIG. 5D. In this case, since the rennain- 
ing light of the green image light 25 shielded by the 
curved line 28 leaks over red and blue bands, the re- 
maining light is the leaked light to the other two chan- ts 
nels. 

That is, the leaked light to the red channel is reflect- 
ed by the red reflecting films 9a and 9b, so that the 
leaked light has the component shown by a hatched ar- 
ea 36 in FIG. 5D. The leaked light to the blue channel 20 
is reflected by the blue reflecting films 9c and 9d, so that 
the leaked light has the component shown by a hatched 
area 35 in FIG. 5D. The component of the leaked lights 
are the vertical polarized light, and coincide with the po- 
larization axes of the polarizing plates at the outgoing 25 
sides of the liquid crystal display panels for the two re- 
flected channels. Accordingly, the leaked light passes 
through the polarizing plates at the outgoing sides, and 
illuminates the transistors of the liquid crystal display 
panels, and badly affects thereon. 30 

On the contrary, the apparatus of the present inven- 
tion is constructed so that the polarization axis at the 
outgoing side of the liquid crystal display panel for the 
one transmission channel is perpendicular to the polar- 
ization ci)ces at tPie" outgoing sides of the liquid crystal 55 
display panels for the other two reflected channels. Ac- 
cordingly, ii is possible to prevent the leaked light from 
the one transmission channel from illuminating the liquid 
crystal display panels for the other two reflected chan- 
nels. It is hence possible to solve the problem such as 40 
an image deterioration due to the illuminated transistor 
element formed at the outgoing sides of the liquid crystal 
display panels. 

According to the apparatus of the present invention, 
as understood by comparing the curved line 33 with the ^5 
curved line 34 in FIG. 5D, the band of the green image 
light shown by the curved tine 33 is wider than that 
shown by the curved line 34. Thus, the amount of pro- 
jected light of the outgoing green image light 25 from the 
dichroic prism 9 is increased, whereby a luminance of 
a displayed screen can be improved. 

Furthermore, according to the above-mentioned 
apparatus, if the transmission characteristics of the red 
reflecting films 9a and 9b of the dichroic prism 9 are dif- 
ferent from each other, for example, when all the chan- ss 
nels comprise the vertical axes, the shielding character- 
istics at the right shoulder portion of the curved line 28 
of the red reflecting films 9a and 9b are shifted from each 



other. This appears as the shielding characteristic at the 
right shoulder portion of the curved line 34 as it is. 

By the way, as described above, when the transmis- 
sion channel comprises the horizontal axis, the shield- 
ing characteristic at the right shoulder portion of the 
curved line 29 is influenced. The characteristic at the 
right shoulder portion of the green image light 25 at a 
short wave side from the right shoulder portion of the 
former curved line 29 is less influenced. Accordingly, as 
a result, the deviation of the characteristic is not gener- 
ated at the right shoulder portion of the curved line 33. 

The same occurs at the blue reflecting films 9c and 
9d. In this case, it is the shielding characteristic at the 
left shoulder portion of the curved line 29 which is influ- 
enced. When the transmission channel comprises the 
horizontal axis, the characteristic is less influenced at 
the left shoulder portion of the green image light 25 at a 
long wave side from the left shoulder portion of the 
former cun/^ed line. Thus, as a result, the deviation of the 
characteristic is not generated at the left shoulder por- 
tion of the curved line 33. 

Accordingly, even if the differences or deviations 
between the red reflecting films 9a and 9b and between 
the blue reflecting films 9c and 9d are generated, the 
differences have less influence upon the characteristic 
of the green image light 25. As a result, a color uniformity 
of the displayed screen can be improved. 

The red channel comprising the red modulating liq- 
uid crystal display panel 4R, the polarizing plate 8R at 
the outgoing side thereof, and the red reflecting films 9a 
and 9b can be replaced by the blue channel comprising 
the blue modulating liquid crystal display panel 4B, the 
polarizing plates 8B at the outgoing side thereof, and 
the blue reflecting films 9c and 9d as shown in FIG. 4 
described in the specification. Accordingly, even rf the 
red and blue channels are not arranged as shown in 
FIG. 4 attached to the specification, an effect of the 
present invention can be obtained. 

[0045] 

Furthermore, FIG. 6A shows the polarization axis 
of each channel according to an embodiment shown in 
FIG. 4 viewed from the outgoing side.- FIGS. 6B and 6C 
show other embodiments in which the polarization axes 
of the liquid crystal display panels are located at other 
angles, resulting in the polarization axes of the one 
transmission channel and the two reflected channels 
being perpendicular to each other. 

That is, in the cases, the first axis is an axis clock- 
wise by e° relative to the horizontal axis, and the second 
axis is an axis counterclockwise by 90-0** relative to the 
horizontal axis. Accordingly, in the examples, since the 
leaked light is shielded by the polarizing plate at the out- 
going side, the leakage current of the transistor of the 
liquid crystal display panel can be prevented. 

Furthermore, according to the above-described ap- 
paratus, for example, if the polarization axis of each 
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channel is fixed, a polarization axis rotating element 
such as a so-called wave length plate or the like is used 
so as to rotate the polarization axis, whereby the above 
first and second polarization axes can be made perpen- 
dicular to each other 

That is, FIG. 7 shows, for example, the case that all 
the channels comprise the vertical axis. Accordingly, in 
this case, for example, a 1/2 wave length plate 12 is dis- 
posed at the outgoing side of the polarizing plate 8G 
(having the vertical polarization axis) located at the out- 
going side of the green modulating liquid crystal display 
panel 4G. Thus, the polarization axis of the outgoing 
green image light from the polarizing plate 8G is rotated 
to the vertical from the horizontal, whereby the horizon- 
tal polarized green image light can be formed. 

In such a manner, according to the projection type 
liquid crystal display apparatus described above, the po- 
larization axis of the one channel of the transmission im- 
age light which passes through the dichroic prism is set 
to the first axis, and the polarization axes of the other 
two channels of the transmission image lights reflected 
by the dichroic prism are set to the second axis. The first 
and second axes are constructed so as to be perpen- 
dicular to each other. Thus, it is possible to prevent the 
leaked light from the one transmission channel from il- 
luminating the liquid crystal display panels for the other 
two reflected channels. 

Furthermore, the transmission band of the one 
transmission channel can be extended thereby, so that 
the amount of projected light can be increased. Further- 
more, the amount of projected light of the transmitted 
channel is increased, whereby the characteristic differ- 
ence of respective reflecting surfaces of the dichroic 
prism can be apparently reduced, so that an Image qual- 
ity such as^ the^ color uniformity or the like can be en- 
hanced. 

I I idi lo, csCuv^t (Jii iLj iKj II It:; pi ojcuiiv^i i ly pc iii^uiu v^i y cj- 

tal display apparatus of the present invention, since the 
transmission characteristic of the one transmission 
channel for the dichroic prism becomes the very wide 
band and the band component of the green illuminating 
light is not shielded by the transmission characteristic of 
the dichroic prism, there is less leaked light to the liquid 
crystal display panels for the other two reflected chan- 
nels- 

Furthermore, when the slightly remaining leaked 
light arrives at the outgoing sides of the liquid crystal 
display panels for the two reflected channels, the polar- 
ization axis of the leaked light is perpendicular to the 
polarization axes of the polarizing plates located at the 
outgoing sides of the liquid crystal display panels for the 
two reflected channels. Accordingly, the leaked light is 
absorbed in the polarizing plates at the outgoing sides, 
and it does not reach the transistor at the back of the 
polarizing plates. Therefore, the leakage is not generat- 
ed, and the deterioration such as the contrast can be 
prevented. 

Furthermore, since the polarization axis of the out- 



going light from the liquid crystal display panel for the 
'one transmitted chanrle is made as the horizontal axis, 
the transmission band of the green image light for the 
dichroic prism is expanded. Therefore, the band of the 
5 green illuminating light is shielded by a finally different 
band due to a glass block having the characteristic dif- 
ference of the reflecting surfaces, whereby the differ- 
ence of a tint is not generated, so that it is possible to 
prevent the deterioration of the color uniformity from be- 
10 ing generated. As a result, the color uniformity can be 
prevented from being deteriorated. Furthermore, since 
the band of the green image light is basically extended, 
the amount of projected light can be increased. 

As described above, according to the present in- 
^5 vention, without reducing the amount of projected light, 
the leaked light from the one transmission channel to 
the two reflected channels can be avoided. Further- 
more, since the transmission band of the one transmis- 
sion channel is extended, the amount of projected light 
20 is increased. Moreover, finally, since the characteristic 
of the right and left films of the glass block of the dichroic 
prism does not have an influence uponthe characteristic 
of the image light, the color uniformity can be enhanced. 
Having described a preferred embodiment of the 
25 present invention with reference to the accompanying 
drawings, it is to be understood that the present inven- 
tion is not limited to the above-mentioned embodiment 
and that various changes and modifications can be ef- 
fected therein by one skilled in the art without departing 
30 from the scope of the present invention as defined in the 
appended claims. 

Claims 

35- .... - - - 

1. A projection type liquid crystal display apparatus, 
comprising! 

at least three transmission type liquid crystal 
40 display panels; and 

a four-division dichroic prism, wherein said 
three liquid crystal display panels are driven by 
image signals of three primary colors respec- 
tively and said three liquid crystal display pan- 
45 els are illuminated by three primary color lights 

respectively so as to obtain transmission image 
lights having three channels whose luminance 
are modulated, respectively and said dichroic 
prism is used so as to synthesize the transmis- 
50 sion image lights and the composed image light 

is projected via a projecting lens, wherein one 
channel of said transmission image lights pass- 
es through said dichroic pnsm, and the other 
two channels are reflected by said dichroic 
55 prism, so that said transmission image lights 

are synthesized, and wherein a polarization ax- 
is of the transmission image light of one chan- 
nel passing through said dichroic prism is set 
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to a first axis, the polarization axes of the trans- 
hnission image lights of the other two channels 
reflected by said dichrolc prism are set to a sec- 
ond axis= and the first and second polarization 
axes are made perpendicular to each other. 

The projection type liquid crystal display apparatus 
according to claim 1 , wherein said first axis is a hor- 
izontal axis, and said second axis is a vertical axis. 



10 



The projection type liquid crystal display apparatus 
according to claim 1, wherein said first axis is an 
axis clockwise by 9° relative to the horizontal axis, 
and said second axis is an axis counterclockwise 
by 90-9° relative to the horizontal axis. ^5 

The projection type liquid crystal display apparatus 
according to claim 1, wherein said first axis is re- 
placed by said second axis. 

20 

The projection type liquid crystal display apparatus 
according to claim 1, wherein a polarization axis ro- 
tating element is disposed an the outgoing side of 
said liquid crystal display panel; and said polariza- 
tion axis rotating element is used such that a polar- 25 
tzation axis of the transmission image light of one 
channel passing through said dichroic prism is 
made perpendicular to polarization axes of the 
transmission image lights of the other two channels 
reflected by said dichroic prism. 30 
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FIG. 6 A 
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(54) Projection type liquid crystal display apparatus 



(57) A projection type liquid crystal display appara- 
tus includes at least three transmission type liquid crys- 
tal display panels and a four-division dichroic prism. The 
three liquid crystal display panels are driven by image 
signals of three primary colors respectively and the 
three liquid crystal display panels are illuminated by 
three primary color lights respectively so as to obtain 
transmission image lights having three channels whose 
luminances are modulated. The dichroic prism is used 
so as to synthesize the transmission image lights and 
the synthesized image light is projected via a projecting 
lens. One channel of the transmission image lights 
passes through the dichroic prism, and the other two 
channels are reflected by the dichroic prism, so that the 
transmission image lights are synthesized, and a polar- 
ization axis of the transmission image light of one chan- 
nel passing through the dichroic prism is set to a first 
axis, the polarization axes of the transmission image 
lights of the other two channels reflected by the dichroic 
prism are set to a second axis, and the first and second 
polarization axes are made perpendicular to each other. 
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